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Created in 1849, the Depariment of the Interior—America's
Department of Natural Resources—is concerned with the manage-
ment, conservation, and development of the Nation's water, wildlife,
mineral, forest, and park recreational resources, It also has major
responsibilities for Indian and Territorial uﬁmrs.

As the Nation's principal conservation agency, the Department
of the Inferior works to assure that nonrenewable resources are
developed and used ‘Wisely, that park and recreational resources
are conserved for the future, and that renewable resources make
their full contribution to the progress, prosperity, and security of
the United States—now and in the future. E

. FOREWORD

This is one of a continuing series of reports designed to pres;'énl
accounts of _progress in saline water conversion and the economics of
its uppllcutlon Such data are expected to. contribute to the long- rnnge'
developmenf of economical processes applicable to low-cost demineraliza-
tion of sea and ather saline water. ‘

Except for minor editing, the data. herein are as contained in a report

*submitted by the comfractor, The data and conclusions given in the report
‘are essentially those of the contrucfor and are not necﬂssanly endorsed by

the Department 'of the Intermr.,, '
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SUMMARY

In the reverse-osmosis process, the feed stream must be pressurized
to the operating pressure (400 to 1500 psi) and the product water issues
from the unit at essentially atmospheric pressure. The reject brine
stream remaing at the high pressure and has to be depressurized before
being removed from the system. Therefore, we have a problem of simul-
tanecusly pressurizing a fluid stream and depressurizing another fluid
stream. Power recovered from the reject brine stream would be used to
pressurize some of the incoming feed stream to reduce the overall energy
requirement of the process.

A flow-work exchanger is a unified piece -of equipment which simul-

taneously pressurizes a condensed fluid stream and depressurizes a

substantially equivalent volume of another condensed fluid stream. A

flow-work exchanger uses two displacement vessels to form closed loops
with a high pressure processing system. Each of the displacement vessels
is alternately filled by a low-pressure feed anﬂ a high-pressure product,
both pressurized and depressurized, respectively, by substantiaily non-
flow processes. The pressurized feed is pushed into the processing system
by the high-pressure product stream and the depressurized product stream‘is .

pushed out of the displacement vessel by the low-presfiure feed stream., A

paper describing'floﬁ-work exchangers has been published [see A.I.Ch.E. Journal

<

13, NO. 3' 438_442 (1967)10.
Under contract 14-01-0001-1166; a preliminary testing unit was first

constructed by a local machine shop in order to test the performance of each’

' component part and to pinpoint probléﬁs which have to be taken into considerations

'
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in-lafer designs. After a briéf testing of the preliminary unit, two
working units have been cﬁnstructed. The first unit, which has two
floating-piston type disﬁlacement vessels, 1s operable under 1500 psig

and delivers 9 gpm. The second unit, which has two bladder-type displace-
ment vessels, is operable under 1500 psig and delivers 18 gpm. Most of the
component parts used in these units were adopted from commercial products
with some modifications. This initial study has been limited to the con-
" gtruction and hydraulic operation of the units without coupling them to a
reverse-osmosis unit. The hydraulic operation of these units has been
generally_satisfactory and the technical feasibility of such units has
been demonstrated. The overall efficlencies of the units are as high as
90% to 95% at the rated capacities. These units are described in Sections
V and VI of Part B.

Based on the observation of the operation of these units, improvements
to be incorporated in future units have been suggested in Section VII,

Part B. These imp:pvéments will simplify the construction of a unit,
simplify its start-up éppration, and, possibly, give rise tu smoother oper~
ations. Modificaticns required for coupling a flow work exchaﬁger unit to
a reverse-osmosis unit have also been sugéested.

Some efforts have been made in the prior art search to find alternative
ways of recovering energy from the high pressure brine stfeam. The results
of the study are summarized 1n Part A.

Part A, REVIEW OF CONVENTIONAL POWER RECOVERY SCHEMES.
1. INTRODUCTION

Whengvef a high p:éésure fluid stream is.depressuriged in such a manner

that throttling occurs, there is a'potential for power recovery. Poweé.

n .

recovery from high pressure gas streams has been rather commonly practiced in

-

e T
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process industries such as alr separation plants, catalytic-cracking plants,
ethylene recovery plahts, and wasfé treatment plants using the Zimmermann
process of wet oxidation of sewage sludge (1, 2, 3, 4, 3, 6). Howevét,

the problem of power recdvery from high pressure liquid streams has been
more or less neplected up to recent years. The most promising applications
would be in power recovery from relatively large liquid streams undergeing
medium to hiph pressure drops. 1t has been reported that power has been

successfully recovered from liquid streams both in hydrocracking plants and

natural gas processing plants (1, 7, &, 9, 10). In the hydrocracking plants,

the feed stocks are preésurized to the 1,500-2,000 psi operating pressure
and the discharge streams are depressurized through multistage centrifugal
machines. In the natural gas processing plants, the rich oil streams
leaving the bottom of high pressure gas absorbers are reduced in pressure
at differentials of 250 to 550 psl through rotary positive-displacement

machines. Power recovered in these depressurization operations is utilized
in pumping operations. )
| In the convent%onal schemes, the power recovery realized from liquid
streams is usually in the form of shaft work. The power recovery machine
can be either of the reciproﬁating type or of the rotary type. The rotary

machine can be & centrifugal-type, an impulse turbine type or a positive

displacement type. Both theoretically and practically, any pump can be rumn

backwards to serve as a power recovery machine. These power recovery machines

are separately described below:

IT. CENTRIFUGAL-TYPE UNIT

The centrifugal-type power recovery machine is bagically a centrifugal

~ pump running backwards. For a power recgﬁery application, the high pressure

~ liquid enters the machine at what normally would be the discharge nozzle of a

i



pump, The impellers rotate in the opposite direction as compared to a

pump allication (7, 11, 12). It has been stated that a good centrifugai:
pump cperating with high efficiency may be expected to display good
performance yhen the directian of flow is reversed and the pump is used

as a driver, It has farther been stated that the efficiencies of a
centrifugal-type machine used both as a pump and as a power-recovery

machine may be considered identical with little error at their respective
best efficiency points and at thelgame speed (12), The performance charac-
teristics of typiecal centrifugal-type machines used both as pumps and
power-recovery machines have been presented by C. P. Kittredge (13). The
hydraulic design of centrifugal pumps and water turbines has been described
by H., H. Anderson (14), Efficiency of a centrifugal-type unit varys greatly
with flow-rate and 5peed; extremely low efficiencies occur forllqw-flow,
low-speced conditions. Therefore, a centrifugal type unit should ﬁe operated
near its design speed and flow rate (9). For estimatlon purposes, the
efficiency may be assumed to be on the order of B0%. A centrifugal unit

is less sensitive to non-lubricating properties of the fluid and foreign
materials suspended in the fluid. ‘ '

J. W. Purcell an& M; W. Beard (7)'have described in detail the power
recovery schemes used in hydro-cracking plants. A typical unit is a six-
stage diffuser type unit with barrel casings. Multistage units are used in
these plants, because of the large pressure differential (1565-2000'psi)
involved. 1In a typical installatioﬁ, a six-stage unit is used to Efive a
12-stage feed pump. A motor with a double extended shaft is mounted between
the pump and the power recover& unit to supply the make-up power. Th%g‘type

of arrangement is referred to as a tandem arrangement. Experience gained in

this field is of particular interest, because this power recovery scheme can

w
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e e e i i mma e - w e ——— —— TP LT A,



the electric power recovered to drive a multistage centrifugal pump, such !

z Operating pressure of 400 psi, a minimum flow of 500 gpm would be required

be used in reverse osmosis systems. D, T. Bray and H. F. Menzel (15)

recommended the use of a recovery turbine to drive a generator and utilize

as a Byron Jackson Model DVMS pump.

III. HYDRAULIC WATER TURBINE UNIT

A hydraulic water turbipe unit has been developed mainly for hydro-

[

electric applications, and it is not suitable for most process applications,
The major manufacturers of hydraulic water turbines have so far made no

effort to sell their products to the process industries., Allis-Chalmers

i

e

Co., Baldwin-Lima-Hamilton Corp., the James Leffel & Co., and Dominion
Engineering Co. have been contacted for:their comments on the feasibility
of applying a hydraulic water turbine unit in the power-recovery in a
reverse osmosis system. Most of the companies have agreed that it is

feasible to use an impulse turbine in the power recovery., It is possible

H\r

either to couple the impulse turbine to a generator or to couple the impulse

. turbine directly to the pumping unit being used to pressurize the Eeed brine,

Since the pump requires more power than that produced by the turbine, a
motor will be required to supply the balance.

In general, a large, vertical, multi-nozzle impulse'tUrbine would
operate at a peak efficiency between 88% ano 92% The most important factor‘ Q?
affecting ‘the economic Justification of this type of power recovery is the

available flow, It has been stated by Allis-Chalmers Co. that for the minimum

o wrmemnt

to keep the ‘cost of the turbine within practical limit. -
The Bureau of Reclamation has published a useful monograph describing
the selection of hydraulic reaction turbines (16). N N. Kovalev's book on

"Hydroturhines“ is also of great help (17)

i o e S e e 2 s ke
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IV.: - ROTARY ‘POSITIVE-DLSPLACEMENT TYPE UNIT

The rotary positive-displacement type power recovery machine is
basically a rotary positive-displacement pump running backwards. Such a
unit will be simply referred to as a hydraulic motor when it is u;ed for
power-recovery and & hydraulic pump whén it is used for pumping. Recently,
appreciable reductions in the priée, weight, and size of hydraulic motors
and hydraulic pumps have been madel(l&, 19). Today one can buy a 20-~hp
fluid motor to fit inside an envelope of about 0.2‘ft3. A Zd—hp electric

motor is twelve times as large as the same size fluid motor {18). The

| positive-displacement type units will generally be lighter in weight and

take less space than the centrifugal type units (9). A rotary positive-

displacement type unit is a close-clearance unit which is very sensitive to

the non-lubricating properties of the fluid handled and to suspended foreign.

matter, As has been described, machineé of this type have been used in the
power recovery of rich oil from gas absorbers in natural gas processing

plants., A machine of this type run ‘with a fluid of good luB}icity and

. reasonable viscosity has a very high efficiency.'_Therefore, it is very un-

fortunate that a machine of this type cannét be applied in water hydraulics
due primarily to the non-lubricity of water and brine.

The power recovery problem in a.reverse osmosis system is to recover
““-\

power during the depreﬁﬁuriaation of the reject brine and utilize the power

C g
to pressurize some of the incoming f ed brine stream, The reverse situation

ey

is the case in the so-called “hydrostatic drive” in o0il hydraulics. In the

hydrostatic drive, a hydraulic pump is: used to pressurize a hydraulic fluid -

and the high pressure hydraulic fluid is used to drive 4 hydraulic motor.

S e T

[

It has been claimed that the averall efficiency of such a system can be as high

FRIT N Sty | L N

as 90%. A very good discussion on hydrpstatic driyg is given by Werner Holzbock i

) X R B S At e b e = vt e ap o g,
"o y . ' Y



" (20). Had it not been for to the non-lubricity of water, similar equip-~

i ) ‘
ment could have been used in a reverse osmosis system and a comparable

overall efficiency could have been obtained.

' H;draulic motor3s and hydraulic pumps have.been classified into the
following 17 types:
| i, Vane Pumps - a. Yanes-in-rotor pump, b. Vanes-in-stator pump,
| ¢. Slipper-vane pump, d. Flexible-vane pump.
ii._ Gear Pumps - a. Spur-gear pump, b. Internal-gear pump, c¢. Pro-
T gressing~tooth gear pump. |
"iii, Piston Pumps - a, Axial pistop pump, b. Radial.piston pump,
c. Eééentriq~ring plunger pump, d. Intensifier-piston pump.

- 1v, Screw Pumps - a. Multiple screw pump, b. Single screw pump.

* v, Lobe Pumps
vi. Diaphragm Pumps
vii. Squeegee Pumps - a. Flexible line pump, b. Flexible tube pump.

Warren E. Wilson (18) has given the most interesting display of the effects of

 kinematic viscosity of the working medium and pump speed on the volumetric

efficiéncy and the overall ;fficiency of pear puﬁps, vane pumps, and piston

pumps. . The graphs prepared by him clearly show how the overall efficiencies

of the units vary with kinetmatic viscosity and the pump spred. The efficiency_

is low for a highly viscous fluid because of thé.high friction, and is low

for a low viscosity fluid because of the high sliﬁ. Therefore, the_differencer

‘between o0il hydraulics and water hydraulics has heen cleariy dispiayed in
E I B R o ‘ ) :

this work

' Several companies, Bellows-Valvair Co., Racine Hydraulics & Machinery Inc.,

Air Equipmen: Co., Tektron Co., The Weatherhead Co., and Be-Ge Manufacturing

i I3

Co., have been contacted for their comments on the feasibility of applying the

i
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hydraulic machines of theirnmanufactuie-in the power-recovery of a-
reverse osmgsis system. Their comﬁents have generally'been negative.
It should\be mentioned in this.connection, however, that ﬁypo:'Inﬁ.,
Minneapolis, Minn. has been developing compact r;dial plunger type ,
machines with some success. A breakthrough in obercoming the non-
lubricity problem is still needed.
V. RECIPROCATING TYPE UNIT

A positive displacement typermachine can usually be used either
as a.pressuxizer or a depressurizer with minor modification. Therefore,
inquiries were sent to manufacturexé of high pressure reciﬁrocating
pumps askiﬁg for the feasibilities of using a”higﬁ'pressure reciprocatiﬁg
pump drivenlﬁy:a high pressure fluid (in the place of a high prersure
air drive, a high pressure steam drive or a power drive),

._C:ane Co. replied that power recovery of this type is practical
and is éurrent1y practiced in the petfoleum field, The cémpany also
sugges ted that Ingersdll-Rand Co., and Pacific. Pump Co. should be
contacted, since they were actively engaged with syste;;Lof this type.
The Platt Manufacturing Corporation, New York City, indicates that
a hydraulically operéfed recibrocating pumping unit for power recovery

is definitely feasible, but that the only unzts of this type. built

 today are not for the commerczal market, thexr use. bexng of a

restrlcted nature by the large,chemlcal mahufacturers. The bullding

of such a pump was indicated to be a costly development. Based on

o ‘ - - ‘ 1
information received from the Crame Co. and Platt Manufactnring‘

g Corporatmon, overall eff1c1enc1es for th15 type of system were

estimated. to range from 70 to 85%, -

o_.
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Other companies contacted are Ajax Iron.Works, Corry, Pa:, Dean
r
‘Brothers Pumps, Inc., Indianapolis, Ind., Logemann Bros., Co., Milwaukee,
Wis., and Worthington Corp., Harrisom, N. J.

Vi. SUMMARY

From the review of the prior art search described above, it may be
summarized that the following three schemes can be used for the power

recovery Iin a reverse osmosis system:

N

l. We may use a multistage centrifugal machine to extract power from

the reject brine and use the power either to drive a generator or'mpltié

stage centrifugal feed pumpi' The overall efficlency will be on the order

of 60%.

2, We may use an impulse type hydraulic water turbine to extraét,
power from the reject brine and use the power either to drive a generatdr
or a multistage centrifugal feed pump., The overall efficiency is estimated

te be less than 70%.

3. We maj use a hydraulically driven reciprocatiné pump. The overall

efficiency is estimated to be less than B0%.

Power-recovered in case 1 and case 2 may also be used to drive a

plunger pump. Then, a mechanism is required to convert the rotary motion

into the reciprocating motion,

&
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Part B, FLOW WORK EXCHANGER

I, INTRODUCTION .

The power recovery unit in a reverse osmosis system 1s for recovering
power from the high pressure reject brine and utilizing the power so
recovered in pressurizing some of the incpming brine. The cpnvéntioual
power recovery schemes have been reviewed in Part A. When such comventional
schemes are used, we need a power recovery unit for depressurizing the reject
brine and a high pressure pump for pressurizing the feed, Therefore, we
need a set of machines consisting of a depressurlzer (a power recovery unit)
and a pressurilzer (a high pressure pump). The overall efficiency of the
‘combined unit, defined as the fraction of energy theoretically recoverable
from the high pressure reject brine which 1s actually aﬁsorhed by the in-
coming feed brine, is less than 60%, 70% and 80% resﬁfcgiveiyqfor scheme . 1,
scheme 2 and scheme 3 described in the summary of Par{ A;. ggtﬁer large
amounts of shaft work are transmitted through these machinéél. Therefore,
large machine members and driving méchénisms are required and rather
e}abo:ate finishing and packing_aré vequired in manufacture, These lead
to high equipment cost.

A flow-work exchanger herein described is a unified depressurizer-
prg?suriéer unit;ﬁhich app}ies tq a siﬁultaneous pressurization of a condensed
fiﬁid A and depressurization of equivélent volume of anothef condenseﬂ fldid
B. The fluids, A and B, are pressurized and depfeéﬁurized‘raspectively, h§
aubsté;tially non~£low processéﬁ, The movements of the fluids are‘conduéted
against small pressure digferentials and;thué A(PY) values for the movements
of fluilds are small.and the Bhaft work ;suéreatly feducéd.' This scheme of
flow ‘work exchanger was first introduced by Cheng and Cheng in connection with )

their “Freezing Process which:is Based on the High Pressure Inversion in the

[
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the Order of Melting Points," (1). A paper describing this power recovery
scheme has been published by Cheng, Cheng, and Fan (2). The optimal
operating condition of a high-pressure process is greatly influenced by the
efficiencies of the pressurization and depressurizatior operations. Imn
’ addition to the immediate cost reduction obtainable by the adoption of

flow work exchangers in a process where the operating conditions is substan-
tially left unaltered, cost reduction can also be realized by operating the
process under the new optimal operating condition. This further cost
reduction may be significant in many cases. Fan, et al. have made an opti- ?
mization study to show the effect of improving the power-recovery efficiency
on the economy and the optimal operating condition of a reverse osmosis
system (3, 4).

Displacement vessels have been used by J. H. Watts (5), B. L. Mann
(6), C. J. Ross (7), W. A. Swaney (8), L. E. Mills (9), H. L. Baer (10),
and ¢, L. Nordin (11) for the purpose of introducing chemicals, additives,
and solids into a pipe line. None, however, have applied them to power-
recovery. The Warren Rupp Company (12) of Mansfield, Ohio has recently
(1968) introduced the so-called "Dynaflex" slurry pump which combines the
smoothness and dependability of a centrifugal pump with the abrasive and
solids handling capabilities of a diaphragm pump. This Dynaflex pump
utilizes some component parts which are used in the flow-work exchanger.
Therefore, the experience gained in the development of this pump can be trans-
ferred to the development of the flow-work exchangers. A somewhat detailed
description of this pump will be given as an Appendix for reference.

The purpose of the contract No. 14-01-0001-1166 is to construct working
unifs in order to demdnétrate the technical and economicai feasibilities of

the flow-work exchanger and to show its performance.
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IT. THERMODYNAMICS OF A SIMULTANEOUS PRESSURIZATION~DEPRESSURIZATION
PROCESS ' .

Figure 1 1llustrates a high-pressure processing system into which a
feed is introduced by a pump Jl and from which a product is discharged by
a turbine T, The pump operates between pressures {PL)1 and (PH)I; the
turbine operates between (PH)2 and (PL)Z' Quantitative discussions will
refer te a high-pressure process operated at 1,500 lb/sq in, gauge.

When a condensed fluid is pressurized without phase change to a high
pressuyre, the reversible shaft work received by the fluid in a flow process
—w = JfVvdp is on the order of 200 times the corresponding value for a non-
flow process N S SpdV. This 1s due to the noncompressibility of a
condensed fluid; a liquid shrinks by about 1% upon the application of 100 atm.
pressure. Similar statements can be made for the depreésurization operation,

‘The reversible shaft work for the pump and turbine, shown in. Figure 1,

can be represented by

(~w,) P01 d
“Wyle = f Vdp
Py,
) ‘ ' (PH)]_ _
= [Py = (Vi =(P)y (V),] - @) s P-dv (1)
TSt
(P}
“(+w2)f-= 2 Vdp
N (P,
- ‘ (P12 ‘
. : : (PL)2

v

‘Each equation shows thqﬁ the shaft work for a flow process is the sum of the

shaft work for a corresponding nonflow process and the difference in the flow

work terms under the high‘and'the low pressure A(PY). They.also show that

N - T

T I T T e e
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Fig. 1. A high pressure system with conventional pressurization

and depressurization.
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the large values of the shaft work for the reversible pressurization and the
depressurization should be attributed to the large values of the differences
in flow work terms A(PV)'s.

A flow pressurization may be considered as a superposition of a nonflew
pressurization and & movement of fluid., The ‘A(PV)I term ig large, because
the movement of fluid takes place across a large pressure differential
between (PL)l and (Pﬂ)l' S5imilarly, for flow depressurization the [A(PV)l
term is large because of the movement across a large pressure differential
between (PL)2 and (PH)Z' |

For flow pressurizing a condensed fluid and flow depressurizing another
fluid simultaneously, as shown in Figure 1, it is possible to arrange the
flow system so that movements of fluids take place across small pressure
differentials; that 1s, between (PH)l and (PH)Z and between (PL)1 and (PL)Z'
Then the ]A(PV)| terms become very small, and the shaft work becomes small,

The shaft work can approach the values of the corresponding nonflew processes.

The simultaneous flow pressurization and flow depressurization operation
then involves the following steps: (1) low-pressure and small-pressure
differential (PL)l - (PL)2 displacement dperatinn; (2) substantially nonflow
pressurization of the feed; (3) high pressure and small pressure differemtial
(PH)2 - (PH)l diaplacement operation; (4) subgtantially nonflow depressurization
of the product.

‘In the following discussions the first and third steps will be referred ¢

to as the low-pressure displacement operation'hnd the high-pressure displace-

pjnment 0perétion, respectively. The entire operation will be called the flow-

work-éxéhange opérafibn. A fluid to be pressurized in a process may exchange
flow work with another fluid to be depressurized in the same process or in

other processes. The equipment will be called the flow-work exchanger.

|
3
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ITI. ILLUSTRATION OF A FLOW-WURK EXCHANGER

Figure 2 illustrates a flow-work exchanger in connection wiLh a high
pressure reverse osmosis process. in a reverse osmosis process the feed
stream must be pressurized to the operating pressure. The product water
issues from the unit at essentlally atmospheric pressure and the reject
brine stream still remains at a high pressure and has to be depressurized.
The flow-work exchanger iliustrated in Fig. 2 is to recaover the energy con-
tained in the high pressure reject brine and utilize it to pressurize more
feed brine, Since a flow-work exchanger exchanges flow-work between two
condensed streams of essentially equivalent volume and the volume of the
feed brine is greater than the volume of the reject brine, the excess
portion of the feed brine has to be pressurized in a conventional way.

The figure shows that a flow-work exchanger consists of one or more
displacement vessels (two, 0, arnd 02 as shown in Figure 2), check valves

';(ﬁl, V2. V3, and Va), control valves (VS, V6, V7, and VB), a low-pressure
low head pump (Jl), and a high~pressrre low head pump (Jz). The pump J2 is
used to recover the pressure &rop of fluid during its passage through the
processing system aﬁd maintains (PH)Z higher than (PH)1 by an amount suf-
ficient to carry out a high-pressure displaceﬁent operntiq& to be described.
Alteruately, thg pump J2 may be installed at the inlet side of the high-
pressure system sﬁch ag location Y in Figure 2. The pump Jl is used to
maintain (PL)1 somewhat higher than (PL)2 to carry out a low-pressure dis-
placement operation to be described. The high-pressure pump (JB) is usgsed to
prééaurize the exceass part of the feed. The feed end and product end of a
displacement vessel will be calléd the a end ﬁnd b end, respectively,

o
Each displacement vessel is operated cyclically in the following steps.

17
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:—B—— Reverse Osmosis System —e—— )
High Press. 1 I
Pump }
-"’Y Fresh Water, W J ]
Low Head Pump \_,ﬂ
0,
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M, —
it =N )
Va2 v
Feed Y | Displacement Vessel 6
2 Oz b V,
Low Press I_‘
Pump M\z. X_J
(P )t—] X (R ),
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e gy

V4 Displacement Vessel
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Fig.2 . A high pressure processing system
incorporating flow work exchangers.
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~ shrinkage has to be introduced, During this{gperation‘the check valves Vs

Step1: Suﬁstantially'ﬁdhfiaﬁ depieséﬁrization. ihe diéﬁlacement
vesgel 01 is filled with the high-pressure product. By closing the valve
Vs and opening the valve Vé,‘the content in the displacement vessel is
depressurized and some product fluid {n the amount corresponding to the
volume expanslon due to the depressurization flows out of the vessel through ©
the valve Vé. This operation takes a very short time, The check valves
Vl and V2 are in the closed position during this operation.

Step 2: Low-pressure displacement operation. When the preasure in

the vessel drops below (PL)I, the check valve V, opens and the low-pressure

feed flows in through Vz and the depressurized product flows out of the
vessel through the valve V6. The solid partitioner Ml moves from the a end
to the b end, The valves Vl and Vs are kept closed. At t?g end of this
operation the vessel is filled with low-pressure feed.
Step 3: Substah:ially nonflow pressurization. The displacément:
‘vessel 02 is now filled with the low-pressure feed, With the valve VB '
closed and the valve V7 open, some high?pressure product flows into the
vessel to pressurize the content, This operation tekes a.very short time,

because only a small amount of £luld sufficient to compensate for the volume

2

.

-and Vh are in the closed position.

Step 4: High-pressure displacement oﬁeration. When the preasure in
the veasel exceeds (PH)I’ the valve V4 opens a;d the high—p;esaure product
flows coﬁtinually‘into the vessel through v, and the pressurized feed fluid is -

digplaced into thé}jigh—p:eésute processing system. The solid partitioner Mz
(l-‘J . . - .

moves from the b'éﬁqxgo the a end. At the end of thia operation the. vessel
is filled with high-pressure product. Then, it returns to step 1 and)siérts

over again.

vut sl ema e
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The disp,la_cgment op.erationB' .Sl‘.eps 2 and 4’ occupy.most Of the time -~ e .
in an operating cycle and each.of the-nonflow processes, step 1 and BteP‘3;'.

take rather short periods of time., Thus when two displacement vessels are

[ N i

% operated with proper timing, £luid flow through the processing system will
be continuous except for the short periods during steps 1 and 3 and the time
- taken in operating the valves. These disturbances may be lessened by
accomodating a small accumulator in the system,
It may be noted that a three~way valve may be used tao feplace a pair
6f two~way valvesa, either V5 and V6 or V7 and VS' Furthermore'a four-way
valve may be used to replace the four valves, Vs through VB'
IV. EFFICLENCY OF A FLOW-WORK EXCHANGER
The operation of a flow-work exchangef degcribed in the last section
~ can be illustrated by an idealized indicator diagram shown in Fig. 3 and the
lost work involved in each step will be given later from the actual performance
of the flow-work exchangers constructed under this project,
Referring to the figure, AB represents the volume of the displacement
‘vesgel VD’ AY{ repregents the volume of the feed V? in the vessel,‘and BX

represents the volume of the product VP in the vessel. Therefore

Vp*Vp =V, and  AX +BX = AB

]
The operational steps illustrated in the last gection can be represented

on the indicator diagram as follows.

1. Substantially nonflow depressufization. This operation is repre-
sented by 7-8 in Fig. 3. Point 7 represents the situation where the dis-

placement vesaei is filled with product fluid at pressure (P When the

w2
valve VG is open, the content iz depressurized and its volune expands from 7

to 8, and its pressure drops to (PL)Z. A volume of produet fluid in the amount

of 9-8;f%owa out of the vessel.
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2. Low-pregsure displacement -operation. This operation ig répresented =

by 3+ 4 and 9 + 10 in Fig. 3. They show that feed fluid enters the vessel
at (PL)l and product fluid leaves the vessel at (PL)Z'

3, Substantially nonflow pressurization. This operation is repre-
sented by 4 + 1 and‘lo + 6 + 6', It shows that the high-pressure product
is introduced into the vessel in the amuﬁnt repfesented by 6-6' to compress
the feed in the vessel :6 (Pu)l'

4, High-pressure-displacemeht operation. This operation is repre-
gsented by 1 -+ 2 and 6' + 7 in Fig. 3, They shew that ;he product fluid

enters the vessel at (PH)Z and the feed leaves the vegsel and is moved into

the procegsing system at (PH)I.

The lost work involved in the steps 15 represented by the shaded areas.
Area 7-8-9 ig the work of expansion in step 1; it is eo small that it may well
be unrecovered to simplify the operation. Area 4-5-6-6'-1 is the irreversibil-

ity involved in step 3; and areas 3-9-10-4 and 7-2-1-6' represent the lost

work involved in the displacement operation represented by step 2 and that

}represented by step 4 respectively,

The net work required in simultaneously péessurizing one fluid from
(PL)i to,(PH)1 and depressurizing another fluid from (PH)Z to (PL)2 is zero
in a reversible case. In an actual operation the net work to be supplied is

. 1

equal to the sum of the lost work. The make-up work to be supplied in
operating a flow work exchanger 1s thus equal to the sun of lost work shown
by'the.shade¢ areas in Fig. 3, lost work due to leakage of fluid due to volume
inefficienéieé of valves, and that due to the 1hefficiencies'of the pumps I
and Jz- . S . . !

'The inefficiency of a flow work exchanger will be defined asothe ratio

- of the make-up ﬁork,‘whiCh must be supplied to the system, to the work exchanged

Pl
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between

the two fluids. The inefficiencies of the flow-work exchangers =

will be described in connection with the actual performance of these units.

| V. THE FIRST FLOW-WORK EXCHANGER UNIT

1, Description ofbthe Unit

Figures 4 and 5 show the front view and the side view respectively of

the first flow-work exchanger unit. It is equipped with two floating-piston

¥ * 1

type displacement vessels actuated by a four-way hydraulie valve. The unit

is operable up toi1500 psig and delivers 9 gpm. The component parts used
are mostly products which are commercially available and have been, adoﬁted
with some modifications. A list of the component parts used, their speci-
fications and the names of the suppliers are summarized in Table 1, These
component parts are connected by 3/4", schedule - 160 steel pipe in assembling
the unit. Detailed descriptions of tﬁese component parts are given in
Section VII.
Figure 6 gives a schematic 11lustration of the unit, This unit has
not yet been connected to a reverse osmosis system. An appropriate location
. to make such a connection is shown'by regidn R in the figure. The unit
has been assembled éssentially according to the scheme shown in-Fig. 2.
The following descriptions are g;ven to supplement those éiven earlier in
connection with Figf 2'. r
a, Since the ﬁnip has not been cqnnec;ed to a reverse osmosis system,
the volume of the high pressure fluididiséh;rgedjfrom the system is essentially
equal to the volume of the feed stfeam. ‘Therefore, tﬁe amount of feed stream
to;be pumped in by the high pressure pump J3 is ve;y siight. Howeﬁéf, a

high pressure pump J3 is still required in order to maintain.thé_system_at‘u_

a desired pressure. By-pass line B1 with relief valve VR is provided to dis~

charge most of the fluid pumped by J3 and return it to tank T2. By propefly

-
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Side view of the first flow-work exchanger unit.
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N/ ' TABLE 1. Ligt of Component Parts used in the Flow-Work Exchangers
; : Unit 1 and Unit 2

. COMPONENT PARTS iy

1. Displacement Vessels,
0, and 0,

2. boptrol Valves,
VZ: Vg, ¥y oand Vg

[

3. Check Valves,

Vl, VZ, V3,.and Va

4, Low pressure, low
head pump, Jl

* -
These valves are for hydraulic

UNIT 1

Floating pigton type accumulator
American Bosch Co., Springfield,
Mass. '

TYPE: ACC 2 gallons (Modified)

_UNIT PRICE: $182.50

Hunt Hydraulic 4-way valve,

Bellows-VYalvair Co., Akron, Ohic

TYPE: 3/4" MS 551-P4, Series H
3000 psi

INIT PRICE: $272.00

Hyvdraulic Check Valves™,
Ballows-Valvair Co., Akron, Ohio
TYPE: A 401 05, = 3000 psi

UNIT PRICE: $17.50

NO. REQUIRED: &

Burks pump

Decatur Pump Co., Decatur, I11.
MODEL: 5HJS 1/2 HP

UNIT PRICE: §86.63

0il service and are not suitable for

UNIT 2

Bladder type accumulator,
Greer QOlaer Productssy

Los Angeles, California
TYPE: A811-200 (Modified)
UNIT PRICE: $200.00

Hunt hydraulic 4-way valve

Bellows-Valvair Co., Akron Ohio

TYPE: 1" !fF 651-P4, Series G,
1500 psi

UNIT PRICE: $354.00

Hydraulic check valvesf,
Bellows-Valvair Co., Akron, Ohia
TYPE: A 401 06, 300 psi

UNIT PRICE: $17.50

NO. REQUIRED: 4

Burks pump

Decatur Pump Co., Decatur, Ill.
MODEL: 10 W6

UNIT PRICE: %$105.20

water service.

9¢
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Sa. High pressure low
head pump, J,

Submergible pump,

Reda Pump Co., Bartlesville, Okla.

MODEL: 7D9P, 3/4 HP, 230 Volt,
1@, 3 Wire, with 460751
control box.

INIT PRICE: $275.31

Submergible pump

Reda Pump Co., Bartlesville, Okla.

MODEL: 7D18P, 3/4 HP, 230 Volt
3¢, with Allen-Bradley
Starcer

UNIT PRICE: $220.00

3h, High pressure vessel to

enclose J2

Accumulator without floating piston
American Bosch Co., Springfield
TYPE: ACC 3 gallons

UNIT PRICE: $200.00

Accumulator without flocating piston
American Bosch Co., Springfield
TYPE: ACC 3 gallons

UNIT PRICE: $§200.00

6. Flow meters,

Fl"and F2

Dial indicater purgemeter,

~Fischer & Porter Co.,

Warminister, Penn.

MODEL: 104 22274, 1500 psi, 3165.S.
1" NPT, Max. flow 15 gpm.

UNIT PRICE: $105.00

Dial indicator purgemeter,

Fischer & Porter Co.,

Harminister, Penn.

MODEL: 10A 35654, 1500 psi
1 1/2", Max. flo 50 gpm.

UNIT PRICE:  5170.00

7. : Adr control valve used
in controlling valves
]
Vg, Vg V) and Vg

devoted as V
- A

Single solenoid pilot-operated
valves, Speed King (No. 1432,
100 volr)

Bellows-Valvair Co., Akron, Ohio
UNIT PRICE: $52.00

Single solenoid pilot-operated
valves -

Asco Co., Florham Park, N. J.

UNIT PRICE: &§52.00

8. Programming timer, used

to actuate air control
valve, devoted as T.

Programming cam timers,
Industrial Timer Corp.,
Los Angeles, Calif.
MODEL: MC - 2

UMLIT PRICE: $52.50

Programming cam timers,
Industrial Timer Corp.,
Los Angeles, Calif.
MODEL: CM -1

UNIT PRICE: $20.50

9. High pressure pump,
T b

I3

~—

Triplex horizontal, single acting reciprocating plunger pump,
aluminum bronze cylinder body, 1 1/8" plungers, 1780 psi.

Frank Wheatley Industries, Tulsa, Oklahoma.

UNET PRICE: $1,667.16

MODEL: P-200A.

- 10. Relief valve, VR

Baird Co., Tulsa, Oklahoma, 1" Unit,

UNIT PRICE: $70.00

11. Pige and pipe fittings

About §70.00
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éettiné the relief valve VR’ thé.gy;tem ﬁ?easgre can be maintained at a
&esired value, -

b. A four-way hydraulic valve, Vg o (see Fig. 6) is used in the
unit in place of the four two~way velves, VS' V6’ V7 and VB’ shown in Fig.
2. Thisg Eour-way valve is operated by a moving piston of a pilot cylinder H.
The £low of compressed air (70-90 psi) is centrolled by a solencid-operated
four-way air valve VA which again is operated py a programming timer T.
The timer is adjusted to close the solenoid circuit during half of a cycle
and to open the circuit during the remaining half of the cycle. The cycle
time of the timer can be varied by changing the gear rack of the timer.

As_sﬁown in Fig. 6, ports 1 and 4 of the four way valve are connected
to the high pressure line at pressure (Pﬂ)é and to the exhaust line leading
to tank T, respecﬁively, and ports 2 and 3 are connected to the displacement
vessels Dl and 02 respectively. During half of a timer cycle, the piston
of the pilot cylinder is at the upper position and during the remaining
half, at the lower position. During the former half period, ports 1 and 4
are connected to ports 2 and 3 respectively, and, consequently, the dis~
placement vessels 0l and 02 ate at high preésurg (PH)2 and low pressure (PL)2
respectively. Similarly, during the remaining half period, the displacement
vessels'ol and 02 are respectively:at low and high pressures.

c¢. In order to maintain continuous flow as far as possible, the
movements of the floating pistons Hl and Mz in the displacemént vesséls 01
and 0, must be synchronized, and the flows in the lines L, and L, mgft be
matched. Such a synchronizing control is not yet incorporated into this unit;
rather, a manuai‘caﬁtrol uged dgriﬁg the test operation. Flowmeter F, is
uged to mea?uré_the flow inr:he'lbw pressure line L, and flowmeter F, is used

to measure the flow in the high pressure lineALz. In order to match the flows

H
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in the 1ines L'l and Lé; branch line Bz' and two control yalveé.' Vio and V,,,
are.pfoﬁided; .A-valve Vll ia provi&ed forrﬁenting-air from the Byétem.

d. Submergible pump, J2, is inetalled within a high pressure to
serve ag the high pressure circulation pump.

2. Operation of the First Unit

In operating the unit, we have to remove air from the system, adjust
the system pressure to a desired operating condition and adjust the flow
rates in lines L1 and L, so as to synchronize the movements of floating
plstons Ml and M2 and limit the flow rates sc as not to exceed the capacity
of the displacement vessels,

Start-up high pressure pump J,.

First loogen relief valve VR and set it at a low pressure setting.
Manually rotate the pump pulley to suck water through suction line L3 and
displace air from both the lines and the pump body. Power can now be
supplied and the operating pressure can be adjusted by manupulating the ‘
valve setting of Ve
Air venting from the unit

Most of the air in the system can be removed from air vent Vll except
the air trapped in the displacement vessels below the floating pistons. In
a future unit we may provide a small hole in eaéﬁ floating piston or provide
an air vent at the low end of each displacement vessel to facilitate air
venting. In the present unit, air trapped in the displacement vessels below
the floating pistons is remoyed as follows;

Referring to vessel 01, we open cap Cl, pressurize the vesgel to, say,

80 psilfo force the piston down, imsert a small tube until it touches the,
piston, and admit fluid to the laweg epd of the vessel by pump Jl' After the
entrapped aizﬁis removed through the inserted tube, the opening 1s capped by C;e

v
A similar operation is applied to vessel 02.
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Adjustment of s}étem'pressurﬁ.

As has been described, system pressure can be maintained at a desired

operating condition by adjusting the valve setting of the rc.lef valve VR.

——

To maintain continuous flow within lines L1 and LZ’ except for the L
brief period of valve ghifting, each of the flow rates multiplied by half
of the timer cycle tiﬁe ghould not exceed the volume swept by the piston
in a stroke, Therefore, in order to increase flow rate, we have to adjust
the programming timer and reduce its cycle time, Furthermore, the flow |
rates in lines Ll and L2 have Ec be adjusted to the same value. An automatic
control device may be used, but in the present unit we simply control
valves le’ Vl2 and Vl3 manually,

3. Performance of the Unir

Testing has been done with water as the working medium. Water from
tank T1 enters pump J, through line L, passes through line L, at pressure
(PL)l, and enters displacement vessels 01 and 02, alternately, 1is pressurized
and displaced by pressurized discharge water, eaters a high pressure system
R at pressure (PH)l (omitted in this unit), and enters recirculation pump
J,. Water is discharged from the pump 4, at pressure (Pu)é and enters
displacement vessels 01 and 02 alternately through the control valve v5-8f
The water is thereby depresaurized to pressure (PL); and is discharged into
tank Tl' Figuge 7-A schematically shows the flow of water in the unit. It
ghows that the flow is stéady except during the brief period of valve shifqing.’
At 9‘gpm. the cycle time J 1is adjusted to 20 seconds. The amount of fluid
entering the vessels during a half\cycle i8+1,5 gallons, which is less ;han

the maximum displacement of the piston per stroke, 1.8 gallons. By {installing

an accumulator along line L5. the flow fluctuation can be smoothed out, and |
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Fig. 7-a. Flow through the flow-meters in the first unit{ schematic).
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Fig. 7-b. Flow through the flow-meters in the second unit (schematic).



-y H‘Wﬂ!"mmﬂmﬂw-ﬂﬂrn'r'r.nv,'r",'\' ST e St

_ - 33
hydraulic shocking in the high pressure part of the system due to the quick |
opening and closing operations of valve v5-8 can be remgved.

The characteristic curve of the submergible pump (Reda Pump, 7D9P unit)
is shown by line AB in Fig. 8., The curve drops very sharply at about 9 gallons
per minute, Due to these operating characteristies, the delivery capacity
of the first flow-work exchanger unit is limited to 9 gallouns per minute.

The operating characteristics of the control valve, VS-B’ have been studied

by measuring the pressure drops, (AP)l, across pairs of ports 1-2, 1-3, 4-2
and 4-3, at various flow rates. The average value, (AP)I, is plotted against
flow rate as line 1 in Fig., 9. The pressure drops across the check valves,
Vl, V2’ V3. and V&’ have also been measured at various flow rates and their
average value, (AP)Z’ 1s also plotted against flow rate as ling 2 in Fig. 9.
The sum of these two pressure differentials, (AP)I + (ﬁP)Z, 1is shown by line
3 in the figure,

The flow-work exchanger unit has been operated under various system
pressures and at various flow rates. The pressure differential (AP)t L~
(PL)i - (PL)é as measured by the pressure gages Pl and Pz is recorded and
tabulated in Table 1 and shown-by line 4 in Fig. 9. The pressure drop
required to overcome friction during this low pressure displacemenc-oéeration
(AP)D,L is less thaﬁ the (QP)t,L value by an amount corresponding to the

potential difference between the two pressure gages. Therefore,

-
S

= (Ap)t,[n - 1.2 pBi.

The (4P)y,  values at various flow rates are also tabulated in Table 1 and
» .
shown by line 5 in Fig. 9. The (AP)D L value rather than the (aP)t L value
- 3 : . ;

should be used for (‘PL)1 - (PL)2 in Fig., 3 in evaluating the efficiency of the

unit.

1
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Table 2, Pressufe differential required for
displacement operations-in-Unit 1

System Pressure
800 psi
800
800
800
800

1500
1500
1500
1500
1500
1500

1000
1000
1000
1000
1000

1000

1200
1200
. 1200
1200
1200

1200

Timer setting:

Flow Rate
1.5 GPM
3.0
6.0
7.5
9.0

L5
3.0
4.5
6.0
7.5
8.5
1.5
3.0
4.5
6.0
7.5

(8'5

1.5
3,0
4.5 .
6.0
7.5

8.5

30 sec, per cycle

(AP)t = Pl-P

2

7.5 pei
8.0
10.0
12.0

14,0

7.5
8.5
9.5
11.0
iz:0

13.0

7.5
8.5
.9.5
11.0
12.5

14.0

8.0

9!5
10.5
-12.5

13.5

36

(4P,
6.3
6.8
8.8

10.8

12.8

6.3
7.3
8.3
9.8
10.8

11.8

6.3
7.3
8.3
9.8

11.2

12,8

6.8
7.3
8.3
9.3

11.3

12.3
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The preasure drop required to overcome friction during a high pressure

displacement operation, (AP)D,B’ is essentially the same as the (AP)D,L
value, since during these two displacement operations fluid simply flows
through the game system in the reverse direction.

It has been foqnd by separate tests that, for the system of 1500 psi,

the volume expansion (8-9 in Fig., 3) and the volume contraction (5-1 in

317

Fig. 3) during non-flow depressurization and non-flow pressurization operations

respectively are about 0.7% of the volume of the displacement vessel.
4, Efficiency of the Unit

When a pair of matching pumps are used for Jl and 32 and the unit is
cperated at such a capitcity that the pumps are at their respective normal
efficienciés and the valves Vlo and V13 and the branch line Bz are removed
from the system, measurement of power inputs at pumps J1 and J2 will give
us the make-up energy requirement. Since such 1s not the case in the

operation of this unit, the make-upenergy required and the efficiency of

the unit have been evaluated by the procedure described in Section IV,

allowing for the normal pump and motor effieiencies.

Referring to Fig. 3, the make-up energy required per cycle is given

as the sum of areas 3-4~10-9, 4-5-1, 5-6-7-2, and 7-8-9. Referring to Fig, 9,

the_(AP)D value at 9 gpm is 12.1 psi. Since the voiume of each of the dis-

placement vessels is 2 gallons, both areas 3-4-10-9 and 7-6-5-2 are

12.1. (psi) x 2 (gallons) = 24,2 psi - gallons.

As described, the volume expansion and contraction duxing non-flow pressuri-

zation and depressurization operations at the system presauée of 1500 psig

are 0.7% of the volume of the displacement vessel. Therefore, both areas

4-5-1 and 7=8-9 are

v
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1/2 x 1500 (psi) x (2 x 0.007) gallons = 10.5 psi - gallons.

Assuming that the pump efficiency is 70X and motor efficiency i1s BS%, the

total make~up energy required is

1
(24,2 x 24+ 10.5x 2) » 97 %085 "~ 11.4 psi - gallons.
i

Since the energy exchanged between the two flulds 1is
1500 (psi)x2 (gallons) = 3000 psi - galloms,
the make-up energy required is

1l.4
3000

x 100 = 3,8%

of the energy exchanged. Considering that the volumetric efficiency of

the values to be 98%, the make-up energy required will still be less than 6%
of the energr exchanged.

Since most of the friction losses take place in the valves, pipe
fittings and the connecting pipes, we can increase the capacity of the unit
to about 15 gallons per minute at about the same efficiency by using 1"
pipe, pipe fittings and valves in place of 3/4" pipe, pipe fitfi;gs and
valves.

5. Cost of a Flow-Work Exchanger Unit
i. A9 gpm unit

As described, the component parts used in building the first unit and
their purchasé price; (detailed price) are given in Table 1. Since we need
two displacement vessesl, a control valve, 4 check valves, a low pressure
circulation pump, a high pressure circulation pump and its'high pressure en-

closure, two flow meters, an air control valve, a progrnmming timer and

connecting pipes and pipé‘fittings, the total material cost is given by
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182.50 x 2 + 272.00 + 17.50 x 4 + 86.63 + 275.31
4+ 200,00 + 105.00 x 2 + 52 + 52.50 + 70 = $1653.44.

Assuming that it takes 5 man-days to assemble a unit and assuming a labor

cost of $3.00 per br., the total cost becomes
1653.44 + 3 x B x 5 = §1773.44,

In the above caleulation, the cost of a high pressure pump J3 is not in-
cluded, because it is need anyway in pumping excess volume of feed (defined
as volume of feed minus volume of high pressure discharge stream).

If flow meters are not included and a single cam programming timer
(model CM-1) is used instead of the multiple cam £imer (model MC-2), the

cost will be reduced by the amount of
105 x 2 + 52,50 = 20.50 = §242
Then, the cost of a unit becomes
1773.44 - 242 = §1531.44,

Since most of these component parts can be purchased at 30% reduction bases.
for resale purposes, the cost calculated on these bases will be about $1110.
ii. A 20 gpm urnit

As described, most of the friction drop takes place across the valves
and pipe fittings, and the factor limiting the capacity of the unit is the
‘capacity of tHe submergible pump. Tﬁerefore, by using a model 7D1§P Reda pump
and using 1".pipe, pipe fittiﬂgs and valves, the capacity of the unit can be
increased to 'about 20 gpm. The total material cost based on the purchase

prices and iuéluding labor cost will be’given by
l\

182.50 x 2 + 354.00 4+ 17.50 x &4 + 105.20 + 220.00

+ 2004+ 170 x 2+ 52 + 20.50 + 70 + 3 x 8 x 5 = §1916.70
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Again 1if flow meters are not ircluded, the cost becomes

1916.70 - 170 x 2 = §1576.70

;’ If these component parts are obtalned on resale-base, the cost becomes
! about §1140,00.

In .comparing the cost of a flow-work exchanger with other power
recovery means, it must be remembered that a flow-work exchanger unit
functions as a combination of a pressurizer and a depressurizer.

VI. THE SECOND FLOW-WORK EXCHANGER UNIT
1. Description of the Second Unit

Figures 10 and 1l respectively show the fron view and a side view of

;) the second flow-work exchanger unit. It is equipped with two bladder-type

displacement vessels actuated by a four-way hydraulic valve. The unit is

operable up to 1500 psipg and delivers 18 gpm.

Lmrarer ceecn o m

The component parts used

LB

are mostly coﬁhercially available products and have been adopted with some

modifications, A list of the component parts used, theilr sgpecifications,

the names of the suppliers and the purchase prices are also summarized in

Table 1, These component parts are connected by 1", schedule - 160 steel

O IR T T

pipe in asgembling the unit. Detalled descriptions of these component parts

are given in Section VII,

TR e, B R B

Figure 12 gives a schematic illustration of the unit. This unit has '

not yet been counected to a reverse osmosis gsystem. An appropriate location

for such a connection 1s shown by the region R'in the figure. The unit is

also asscmbled eggsentially according to the scheﬁe shown in Fig., 2. Therefore,

__m‘p-,.‘,ll-_ kL e
0 A - :

this unit is similar to the first unit except that bladder-type displacement

vessels are used in the place of floating pistbn typé displacement vessels.

The description made in connection with the flrst unit also apﬁlies hera.
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f the second flow-work exchanger uni:.
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Fig. 11.




- et
]

15 T LT P TN PP 1 S PRy




44

2. Operation of the Second Unit

The déscriptiona relative to the first unit apply here by simply
2 1 and M2' There=-
fore, the detailed descriptions are omitted. Air entrapped in the dis-

replacing the floating pistons Hl and ¥, by the bladder M
placement vessels below the bladders are vented at the openings C1 and
02 shown in ﬁig. 12, which are then plugged off.

3. Performance of the Second Unit

Referring to Figure 7-B, the fluid flows in lines L1 and L2 are much
less steady than in the case of the first unit. The flows measured by
flow meters F1 and F2 shoot up at the beginning of each half cycle and
tail off at the end of each half cycle. The unsteadiness in these flows
are due to the following reasons: These displacement vessels have been
obtained by modifying 2 1/2 gallon Greer accumulators. The rubber bags used
in these accumulators are of only 1 1/2 gallon capacity. Therefore, the
bladder in a displacement vessel stretches at the end of each high pressure
displaﬁément operation of the vessel and contracts at the beginning of each
low pressure displacement operatioq of the vessel. These contracting and
stretching actions of the rubber bladders cause the unsteadiness in the
flows. This unsteadiness can be removed by installing bladders of capacity
equal to the capacity of the outer shells. However, we were unable to obtain
larger size bladders in time to improve the unit., It should be eﬁphasized
that the unsteadiness i;‘not something inherent in the bladder type displace-
ment vessels,

Ti‘'e characteristic curve of the submergible puﬁp {Reda Pump, 7D9P unit)
1s shown by line CD in Fig. 8. The curve drops very sharply at about 20
gallons per minute. Due to this operating characteristie, the delivery

capacity of the first flow-work exchanger unit is limited to 20 gallons per

L



ﬁinute. The operating ﬁharacteristics of the control valve, VS-B' have
been studied by measuring the pressure drops, (AP)l. across pairs of
ports 1-2, 1-3, 4-2 and 4-3, at various flow rates. The average value,
(AP)l, is plotted against flow rate as line 1 in Fig., 13. The pressure
drops across the check valves, Vl. V2, V3, and Va, have also been measured
at various flow rates and thelr average value, (AP)2 is plotted against
flow rate as line 2 in Fig. 13. The sum of these two pressure differentials,
(AP)l + (AP)2 is shown by line 3 in the figure.

The flow-work exchanger unit has been operated under 1300 psig and
at varlous flow rates. The pressure differential (AP)::’L = (PL)i - (PL)é
as measured by the pressure gages Pl and P2 is shown by line 4 in Fig. 13.
The pressure drop required to overcome friction during this low pressure
displacement operation (AP)D,L i3 less than the (AP)t,L value by an amount
corresponding to the potential difference between the two pressure gages.
Therefore,

N

= (AP)t'L - 1.2 psi.

The (AP)D L values at various flow rates are shown by line 5 in Fig. 13,
]

The (AP)D,L value rather than the (ﬁP)t'L value should be used for (PL)l -
(PL)2 in Fig., 2 in evaluating the efficiency of the unit.

Ag explained earlier, the pressure drop required to overcome friction
during a high pressure displacement operation, (AP)D o 1s essentially the

k]

same as the {AP)D,L value,
4, Efficiency of the Second Unit

When a separating bag of a size equal to or slightly larger than the

outer shell is used, there will be no stretching of the bag, and the liquid

t+
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Fig.13 Pressure drop vs. flow rate for the flow-work exchanger No.2 unit .
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flow will be as smooth as that of a floating-piston type unit, Since the
pressure differential required for the bag movement is very low, it is
expected that the efficiency of a bladder type unit will be slightly better
than that of a floating piston type. The make-up energy required is on the
order of 6% of the energy exchanged at 1509 psi and 20 ggnm.
5. Cost of a Flow Work Exchanger Unit

The cost of a bladder type flow-work exchanger unit 1s about the same
as that of a floating piston type of equivalent capacity.

VII. DESCRIPTION OF PROMISING COMMERCIAL PRODUCTS WHICH CAN BE ADOPTED AS
THE COMPONENT PARTS OF A FLOW-WORK EXCHANGER UNIT

A rather extensive search has been made for those commercial products
which can be used as the component parts, such as the displacement vessels,
high pressure circulation pump, control valves, check valves and timer.
Various alternatives have been found usable. The descriptions of these

products and the modifications required of these products in adopting them

are sumiarized in this seccion,
1. Disgplacement Vessels

Displacement vessels can be classified into three types, viz, a floating
piston type, b. bladder-type and c¢. diaphragm type. These vessels can be
obtained by minor modification of hydro-pneumatic accumulators. Edward M.
Greer (13), President of Greer Hydraulic Inc. has published a "Guide to Hydro-
pneumatic Accumulators,” which is a very good reference.
la. Floating piston type vessels

Figure l4-a shows a hydraulic accumulator which is designed mostly for
hydraulic oil service. It has a liquid discharge port and a gas valve. The
pressure differential required to move the floating piston is about 15 psig.

The modifications required for use as a displacement vessel are:
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i. The inside aﬁrf#ce should be nickel-plated or otherwise made
corrosion resistant.,
i1i. The gas valve should be replaced by another liquid discharge
port so that a pipe comnnection can be made,
1ii. The preasure differential required for the floating piston should
be reduced from 15 psi to about 2 psi. Referring to the figure, the floating
balanced piston has two grooves with O-rings installed in the grooves,
By enlarging the grooves slightly, the piston movement can be lcosened.
Another alternative is to replace the original piston by a water pump pisten
with leather caps.
‘ The suppliera_of piston type hydrauvlic accumulators are:
American Bosch Arma Bosch, Springfileld, Mass.
Parker Hannifin, Des Plains, Ill.
Liquidonics, Inc., L. I., N. Y.
Mar-0il Hydraulics, Hoboken, N. J.
Greer Hydraulics, Inc., Los Angeles, Calif,

1b. Bladder type vessels

Fig. l4-b, shows a bladder type hydraulic accumulator, It alsoc has a .

gas valve and a liquid port. The holding capacity of the separating bag
under ungtretched conditions ig smaller than the volume of the outer shell.

For example, for a 2.5 gallon accumulator, the bag size is in the range of

"1~ 1,5 gallons. Therefore, when the presgure inside the bag is larger than

the pressure outside, the bag stretches, The poppet valve installed in the
accumulator is a very gobd safety deviée in preventing thelbag from bursting.
The modifications required for use as a displacement vessel are:

i. The inside surface should be either plastic coated or plated to

prevent corrosion.

49
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44. The gas valve should be replaced by a liquid port so that a pipe

cannection can be made, A specially made separating bag with a nipple of

the desired size embedded in the rubber of the separating bag should he used,

iii. The separating bag should be of a size equal to that of the outer

shell, This prevents the stretching of the separating bag and insures

smoother liquid flow.
The suppliers of bladder type hydraulic accumulators are:
Greer Hydraulies, Inec., Loz Angeles, Calif.
Vickers, Troy, Michigan.

le., Diaphragm type vessels

Figure l4-c shows a diaphragm type air-craft aceumulator, The

modifications required for its use as a displacement vessel in a reverse

osrosils system arve

i. Coat the inner surface to prevent corrosion

ii. Replace the gas valve by a fluild port.

This type of accumulator has been described by E. M. Greer in the.publication
mentioned earller and may be availlable from Greer Co. (13). rAn accumulatoer
of this type should work satisfactorily.

The Warren Rupp Company (12) has recently started production of the
so-called "Dynaflex Pump,' which uses diaphragﬁ type displacement vessels.
The vessels are made only to withstand ordinary pumping pressure,

Rolling-type diaphragms are of relatively recent development (14),
Bellofram Cotporatioﬁ, Burlingtqn, Mass. manufactures such rolling-type:
diaphragms under the tradename "Bellofram." Rolling-ﬁype diaphragms have
an extremely thin sidewall made of an elastomer and a fabrie, each séparately

formed and then brought topether in a m#ld to form a unique membrane. The wall

usually has a thickness ranging from 0,008" to 0.055". Figure 14-d illustrates




the operation of an air cylinder equipped with a rolling type diaphragm. !
It is seen that the wall of the diaphragm 1s supported elthe: by the inside
wall of the cylinder or the outside wall of the plston except at the !
rolling point, The height of the piston is about 1/3 of the cylinder length
and the stroke is 2/3 of the cylinder length. By removing the piston shaft !
and installing fluid ports at the two ends, this type of vessel can also be
used as a displacement vessel in a flow-work exchanger unit. However, since
the st;oke is 2/3 of the cylinder length, 1/3 of the cylinder volume is not
ef fectively used,
2., High Pressure Circulation Pumps
Three types of pumps have been found usable as a high pressure cir-
culation pump., They are a canned pump, a magnetic drive centrifugal pump, '
and a submergible pump. The canned pump is very expensive -- Integral
Motor Pump Corporation has estimated a 10 Gpm pump for sea water service
operable under 2000 psi at $4,500.00, This extremely high cost has pre-
vented us from adopting it in the units built. The submergible pump is a
low cost pump, The chief disadvantage of a submergible pump 1s that it
has to be installed within a high pressure vessel and the vessel adds extra
weight to the unit. The magnetic drive pump is reasonably low in cost and
couvenient to use, The main disadvantage oflthe magnetic drive pump is its
low efficiency. The efficilency of a magnetic drive pump at its optimum operating
conditions 1is about 50%. These pumps are briefly described as follows:
2a. Canned pumps
Referring to Fig. l5-a, it 1is seen that a nanned pump consists of a
motor and a pump, within a single leak-tight container (15). It differs from
a mechanical pump mainly in that tﬁere is no packing gland -- one of the most

troublesome parts of a conventional pump.




I I

e rrawe =~

52

‘0" Ring Seal (TYP)

7 - “Coolant Qut" Pott
Rotating Bearing

Forward = e N ot i 1
Bearing [/ ]
Filler i -
Loees
S REI'_
L Beating ;
L H Filter 3
7 .S Coolanl In -
- !
g « &= Coplant Oul ;
éj - P {
l | g T~ Serv Thrust ;
N NN N Conlroiler - i
s = : 3
lide fram ) . " H
Base Smmeee e S Coolant In" Pert : :
1 i
: ;f
Fig. 15A. A zero leakage canned pump. ; §
1 2
. ]
PHCHART
1 - H .
i
R ‘ 10 ' %
LCETE R : . 3
: 3 ,
.TL k N ‘s b N
BERLLERENT Uy N . ) e L worea a ;i'
_ AL ey T g;; - = [ g :ﬁ
S ! 3 i
" sty L .i
e 1A Q It
. ’{, N k2 ,'-D'
=\ N o
5 o)
N ' 9
_____ PR O 3
? )
[} Lo
3 s ¢
4

Fig. 15C.

Fig. 15B, A Seal/Less magnetic drive pump.
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Elimination of the packing gland is achieved by providing two

"cans." The stator can consists of a stainless steel (or other
alloy) tube, welded to a flange at one end and to a ¢losure disc
of solid stainless at the other. The flange of the stator can he
sealed at the "wet end," or volute, of the pump, generally by means
of Teflon gasket. The rotor of the motor is also M"canned' by
surrounding it with a welded stainless (or other alloy) jacket to
prevent corrosion.

The rotor is supported on a shaft which rotatet on beaxings,
which are graphite for such fluids as water or Freon, but may be
filled Teflon for extreme oxidation resistance, or reller bearings
for lubricating fluids, Graphite and Teflon bearings are cooleq
and lubricated by passing a portion of the fluid being pumped
through slots in the bearings, In one variation called a “ceptive
fluid pump,” the bearings are cooled by providing an auxiliary
impeller within the motor housing, with only a small pressure
equalizing port into the motor, This auxiliary impeller circulates
fluid in closed circuit within the motor housing to obtain bearing
cooling and lubrication,

These pumps provide advantages other than zero leakage, with
its attendant freedom from corxosion and packing maintenance |
problems, They are very much more compact than conventional pumps,
permitting pipe mounting or smaller sizes, no foundations.are
needed for pumps as laxge as 30 horsepower.
2b. Magnetic drive junps

F. Klang, Bocham, W, Cermany manufactures a magnhetic drive
centrifugal pump under the tradename of "Seal/Less pump,” Its
distributor, the Kontro Company, Inc. (16) indicates that the

pump is comparatively new in this country with three installations
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having been made by the company during the past year. Two of these
installations were in pressurized systems at 1500 psi, and one at
300 psi.b These were for high pressuré, high temperature water service
in connection with nuclear reactor test facilities and with special
high pressure molding equipment. It has been reported that high
pressure circulation operation is the field in which this pump really
shines,

Referring to Fig. 15-b, a magnetic drive pump has drive magnets
(5 in the figure) and driven pump magnets (6 in the figure), separated
by a pump liquid containment shell made of thin non-magnetic material.
Both the drive magnets'and the driven pump magnets are powerful,
permanent magnets. For very high pressure fhis shell is made of a
super strength "NIMONIC" alloy which also has very good correosion
resistance properties.

A magnetic drive pump with casting and impellexr constructed of
#316 stainless steel delivering 40 GPM at 48 ft head operable under
1500 psig has been quoted at $3203. As has been described, the
efficiency of a magnetic drive pump at itscoptimum operating condition
is only about 50%.
2c. Submerged pumps

Referring to Fig. 15-c. a submergible pump consists of an oil
filled electric motor, a multistage diffuser type pump, an oil filled
capacitor and an oil reservoir and pressure equalizer., It has been
recommended by Reda Co., that for a high pressure application the oil
filled capacitor should be removed from the unit and placed cutside
of the high pressure system. The oil reservdr serves the purpose of
equalizing the pressuxe. Therefore, the submergible pump can be

installed within any high pressure system. Manufacturers of
submergible pumps are

Reda Pump Co., Bartlesville, Oklahoma

Dayton Electric Mfg, Co., Chicago, I11.

-
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3, Directional Control Valves, VS’ VG' V7 and Va

It has been mentioned in connection with Fig. 2 that four two-way
directional control valves are needed in operating a flow-work exchanger
unit. These valves may be replaced either by two three-way valves or one
four-way valve, It is probably best to use a four-way valve, because of
its simplicity in operation and low cost. It has been found that pilot
operated double plunger valves work well. These valves are available on
the market up to 6" port gize. It has also been found that three-way ball
valves and three-way poppet valves can be used. Other directional control
valves, such as spool-type valves and shear-type valves, which are commonly
used in oll hydraulics are not suitable for water service because of the
low lubricity of water. Rather detailed descriptions of directional control
valves available on the market are given in the "Fluid Power Handbook and
Directory,” 1968-196%9 (17). The promising directional control valves are
described as follows:
Ja. Pilot operated double-plunger four-way valves

Figure 16A shows a pilot operated Hunt double plunger hydraulic valve
and Fig. 16B shows a sectional view of thé valve (18). Hunt double plunger
valves are designed for use in water, water with soluble oil, or oil
service. Three pressure ranges are available. Valves with the prefix letters
MF, MSA and HH are rated respectively at 0-2000 psi, 0-3000 psi and 0-5000 psi.
MF valves have bronze housings and both the MSA and HH valves have steel
block housings. For the reverse asmosis sea water desalination, MF valves
are recommended., Referring to the figures, the valve is actuated by an air
cylinder. The plungers are in completely hydrostatic balance and -- since the
pressure applied to the open side of the "U" packing is equal to the pressure:

coming from the radial ports of the plunger -- the.packings are floated while



Fig. 16A. A pilot aperated Hunt double plunger hydraulic valve.
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'Fig., 16C. A 3~way ball valve.
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crossing the valve ports. These valves are not designed for throttling.
Two-position valves as used in a flow-work exchanger unit should always
be shifted to their extreme positions, |

Referring to Figures 6 and 12, ports 1 and 4 of the four way valve
of a flow-work exchanger unit are connected to the high pressure line and
the exhaust line respectively and ports 2 and 3 are connected te the dis-
placement vessels 0l and 02 respectively., The first plunger, the exhaust
plunger, has two hollow compartments, A and B, which have radial ports a,
and a, respectively, and b1 and b2' The second plunger, the inlet plunger,
has a hollow compartment C which has radial ports ¢y and Cye When the

plungers are shifted to the left extreme end, radial ports cy and bl are

respectively connected to ports 1 and 4 and the radial ports ¢y arid b, are

respectively connected to ports 2 and 3. Therefore, high pressure fluid

enters displacement vessel 01 by passing through port 1, radial port Co»

hollow compartment C, radial port Cy» and ﬁort 2 and into the vessel 01, and

the fluid in the displacement vessel 02 is discharged by passing through

port 3, radial port b2, holiow compartment B, radial part bl and port 4.

When the plungers are shifted to the right extreme end, radial ports ¢y and

a, respectively are connected to ports 1 and 4 and the radial ports ay and

c, are respectively connected to ports 2 and 3. Therefore, high pressure

fluid enters displacement vessel 02 by passing through porL 1, Ci» c, c, and

port 3, and the fluid in the displacement vessel 01 is exhausted by passing

through port 2, a5 85 and port 4, Hunt valves are available up to a 6" port,
The company has also introduced Hunt V-33 valves. These valves combine

the proven features of the original Hunt hydraulic valves with a new design

and a cartridge-type construction. These valves are currently more expensive

than the original Hunt valves.
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3b. 3-way ball valves

Figure 16C shows a three way ball valve and Fig. 16-D shows the 3-way
flow pattern for a 3-way vall valve. Each displacement vessel requires a
3-way valve to control fluild flow. Port 1 of the valve is connected to a
displacement vessel and ports 2 and 3 are respectively connected to a bhigh
pressure line and an exhaust line. When the ball is at the 0° position and
180° position, the displacement vessel is respectively connected to the
high pressure line and the exhaust line., At the 90° position, the displace~
ment vessel is shut off both from the high pressure and the exhaust lines,
A manufacturer of 3-way ball valves is

Pacific Valves, Inc. Long Beach, Calif.
The cperations of the two valves installed on two displacement vessels of
a flow-work exchanger unit have to be synchronized.

Figure 17A shows a *Rota~Cyl" rotary actuator manufactured by Graham

. Engineering (19), and Fig. 17B shows a Flo-~Tork rotary actuator manufactured

by Flo-Tork, Inc. (20). These valves are powefed by high pressure fluid
and may be used in actuating the three way ball valves described above.
3e¢. 3-way poppet valves

Two J-way poppet valves, Sinclair-Collins Valves of Bellows~Valvair
Co,, have been used in constructing the preliminary test unit described
earlier. These valves have functioned properly. The disadvantages of thesge
valves are i. the pressure drop is too high and ii. they are available only
up to 2" port size. It is believed that &4~way poppet valve of larger sizes
and lower preséure drop can be manufactured and used in the construction of

flow-work exchanger units.

o8
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4, Check Valve Assembly, V

Vz, V, and V

1’ 3 4

As has been deascribed, four check valves are required in the con-
struction of a flow-work exchanger unit. In order to reduce the make-up
energy required in the operation, the presgure lgeg of the check valves
should be low, Various types of check valves are available on the market.
Some simple ones are inexpensive but usually have high pressure loss and
cause water hammer. More sophlsticated valves usually liave an expanded
crogs section at the valve body to reduce pressure loss and have provisions
to eliminate water hammer. Check valves are commonly used in hydraulic
fields, These valves are, liowever, not suitable for use, because they are
not corrosion resistant to sea water and they have a large pressure loss.
Low pressure loss, c¢orrosion resistant valves operable under high pressure
{say 2000 psi) are aveilable., Manufacturers of such valves are

Charles Uﬁeatley Co., Tulsa 20, Oklahoma

Mueller Steam Speciality Co., Ine., Brooklyn, N. Y. 11222

Smolensky Valve Co., Inc., Bedford, Ohio 44014

Durable Manufacturing Co., New York 6, N. Y.

The function of the check valve assembly of a flow-work exchanger unit
is similar to that of the check valve assembly of the fluid cylindef of a
duplex plunger pump. Therefore, a £luid cylinder with its four check valve
assembly may be used in the construction of a flow-work exchanger unit. We
recommend the use of such a Eluid cylinder, since it simplifies the con-
struction greatly. |

Hydraulic check valves were used in constructing the two units simply

because they were readily available at the time of constructing the units.

These should be replaced by corrosion resistant check valves.



3. Control of Valve Actions

It has been gtated that a doublee«plunger four-way valve is used to
control the flow in a flow-work exchamger unit where the four-way valve
is actuated by an air cylinder, and the air flow to the air cylinder is
controlled by a solenoid operated air control valve. Therefore, by con~
trolling the solenoid action, the operation of the unit can be controlled.
The solenoid should be actuated whenever the floating pistons in the
displacement vessesl reach the respective extreme ends of thelr strokes.
There are several ways to control the sclenoid action - cne is to use a
programming timer, another 1s to use micro-switches installeac in the dis-
placement vessels and still another is to use a pressure switch. These
are described as ferllows:
a, Programming timers

There are varlous types of timers available on the market. We have
found that a programming cam timer works quite well. Referring to Figures
184 and 18B a programming cam timer has one or more adjustable cams C
attached to a cam shaft D which 48 rotated by & small synchronous motor M
through & gear rack G. Cycle action can be adjusted by adjusting the cam
and the eylce time can be varied by replacing the gear rack. The timers used
in the two flow-work exchanger units can be variled between 10 sec. to 90 sec.
Variable speed programming cam timer is also available. Manufacturers of
programning cam timers are

Industrial Timer Corp., Parsippany, N. J. 07054
Los Angeles, Calif. 9007

Bristol Motors/Timers, Old Saybrook,Conn.
Automatic Timing and Controls, Inc., XKing of Prussia, Pen. 19406
Precision Timer Co., Inc., Westhrook, Conn,

Bayside Timers, Inc., Flushing, N. Y. 11358
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Fig. 18A. Synchronous motor drive programming cam timers,
multi-switeh type,

Fig. 18B. Motor driven

programming cam
timers, single-switch type.

Fig., 1BC. Dual snap pressure switch,
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AEMCO Division, Didtex Incorp., Mankato, Mirn. 56001
Elder Corporation, Palmyra, Wis., 53156

Zenith Controls, Inc., Chicago, Ill. 60610

b. Control by sensing movement of fistons, bladders or diaphragms
Contro; of the solenoid action can also be accomplished by installing
micro-switches within the displacement vessels, Referring to Fig. 2, we
may install miero-switches at the a, b ends of the displacement vessels.
Whenever either the floating pistons Ml and M2 respectively touch the a end
of 01 and the b end of 02, or Ml and M2 respectively touch the b end of 0

and the a end of 02, the solenoid Is actuated, Manufacturers of micro-

1

switches are many.

c. Control by either a pressure switch or a differential pressure switch
Referring to Figs. 6 and 12, whenever the floating pistons Ml and Mz come

to the end of their strokes, the flows in the lines Ll' Lz, L3 and LA stop.

Therefore; the pressures in the lines increase and the pressure differentials

across the valves diminish. By installing either a pressure switch in a line

or installing a differential pressure switch across a pipe fitting or across

a valve, the piston movement can be sensed. By connecting ﬁhe pressure switch

or the differential pressure switch to the solenoid, the fluid flow in a flow-

"~ work exchanger unit can be controlled. Figure 18C shows such a pressure

switch, Manufacturers of pressure and_differential pressure switches are
Custom Component Switches, Inc., Chatsworth, Calif.
Consolidated Control Corp., Bethel, Conn.
Meletron Corporation, Los Angeles, Calif.
BEC Pressure Controls, Co,, Davenport, Iowa.

-VIII. SUGGESTIONS FOR THE CONSTRUCTION OF FUTURE UNITS

Based on the experience gained during this contract work, the following

suggestions are made for the construction of future units:




(1) When floating piston type vessels are used, provide a small hole in

each floating piston to fascilitate venting of air entrapped beneath the
piston. This hele may be covered by a solenoid operated cover which is
normally clesed and is opened only during venting operation. This simplifies
the start-up operation greatly,
(2) When bladder type vessels are used, the normal holding capacity of each
of the bags, the capacity of the bag without stretching should be equal to
the volume of each outer shell. This enables smoother fluid flow in the
unit, )
(3) The check valves used should bLe corrosion resistant and have low
pressure losses. We may also use a fluid body of a double acting plunger
mump with its check valve assembly.
(4} The higlh pressure circulation pump should have extra developed head
to overcome pressure drop which arises in the reverse osmosis unit to be
installed,
(5) An accumulator must be installed in high pressure lines to prevent
water hammer.
(6) An autcmatic control must be provided to synchronize the movements
of the floatiﬁg plstons or the bladders, Ml and MZ’ This may be achieved
by installing micro-switches within the displacement vessels. If the two
pistons do not arrive at their respective ends within an allowed time limit
flows are automatically regulated to achieve this.

Figure 19 shows a schematic illustration of a suggested unit. It uses
a fluid-body of a duplox plunger pump as its check valve assembly. Air vents

are provided on the floating piscons and an accumulator is provided on line

L5 to eliminate line shock caused by water hammer,
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Appendix

Recently, the Wurren Rupp Company of Mansfield, Ohio has started
manufacturing a new type pump under the tradename “Dynaflex."” The pump-
combines the smoothness and dependability of centrifuga. pumps with the
abrasive and solids handling capabilities of diaphragm pumps, together
with the high head potentiality of various positive displacement pumps,
The construetion of the pump has certain similarities with that of a flow~
work exchanger., By analyzing the similarities and the differences betwean
them, we can obtain a better understanding of the technical and economical
feasibilities of éhe flow-work exchanger. Therefore, a brief description
of the "Dynaflex" pump is given below:

Referring to Figs. 20-A, 20-B, the heart of the "Dynaflex' is a
large free diaphragm (1) clamped betwecen two symmetrical pumping chambers.
Water is alternately pumped in and out of the upper chamber (2) by a
standard centrifugal pump (3), The diaphragm moves in response to the
fluid volume in the upper chamber, reacting on the fluild in the lower
chamber (4}, creating a pumping action. The diaphragm serves merely as a
separating "membrane" between the two liquids and is therefore nat subjected
to stress. Inlet and outlet check valves (3) caontrol movement of pumped
material., A diaphragm sensing device (6), monitors the movement of the
diaphragm and controls the shifting of the four way valve (7). As the dig—
phragm approaches i;s low position, the sensing device shifté the four way
valve to the suction stroke. As the diaphrapgm approaches the top position
the sensing device signals a shift to the discharge stroke. The four way
valve diverts the flow of water from the drive pump in a completely "shock

free" cransition, creating suction and discharge stroke with no water hammer.
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, Fig. 20A., A duplex DYNAFLEX pump.

®
e )
raumuuaﬁ -\‘®.‘- PU!;PB
A I 7 3
QL7 o %
i ? (%
_n._’_.k‘ -> /
'—']iisu L

Fig. 20B. The diagrammatic drawings showing the
duplexed unit.
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The components used in the unit are described as follows:

(1) 'THE DIAPHRAGM CHAMBERS - The diaphragm chambers are symmetrical
with sloping wallg to prevent "Hang Up" and to afford smooth £low of
foreign matter from the lower chamber. The ecapacity is fifteen gallons.

(2) THE DIAPHRAGM - The diaphragm is a separating membrane between
two flulds and 1s not subjected to stress, gilving it virtually unlimited
wear life. Pumps developing hundreds of pounds per square inch are possible,

(3) DIAPHRAGM POSITION SENSING DEVICE - The diaphragm position sensing
device monitors the movement of the diophragm and signals the shifting of the
four way valve controlling the direction of flow,

(4) THE FQUR WAY VALVE - This was developed specifically for the "Dynaflex".
The four way valve is symmetrical with a ball bearing mounted 'butterfly"
and full flow passages throughout and provides gradusl shifting resulting in
shock-~free pumping.

(5) THE CONTROL MEANS - A pneumatic system is used and by simple

" needle valve adjustments the shifting of the four way valve is infinitely
variable. (Only 2 ¢.f.m. required)

(6) THE SHIFFING CYLINDER - This is another flrst for the “Dynaflex."

A differential piston type cylinder, with a two teo one ratio provides equal
shifting force in elther direction., Alr over oil 1s used on the small side
for a viscous dampening effect and lubrication of the piston., No stops are
needed to limit travel.

(7) FLEXIBILITY OF ADJUSTMENTS - Necdle valve adjustments control the
shifting cylinder and four way valve, while indcpendently adjustable cams on
the position sensing device control the length of stroke of cthe diaphragnm.

{8) WATER SUPPLY = A water storage tank replaces this gegment of the
"Dynaflex" unit on the simplex installation., The tank Is large enough to pro-

vide an air cushion and dissipation of heat build-up,




(9) THE DRIVE PUMP ~ An efficient centrifugal pump with good suction

(NPSH) characteristics is used, Pumping clean water, 1ts life is virtually

unlimited.

(10) THF CHECK VALVES - Suction and discharge check valves are identi-

cal, Easily replaceable valve geats, "T" handle clamp cover and drain plups

provide for quick and easy access, cleaning, or maintenance. Standard ball

checks pass solids up to one half the size of the plping. Opticnal swing

check valves allow up to full pipe size solids pumping capabllity,

(11) COOLING UNIT - A fan type cooling unit is furnished, when necessary,

on the Duplex unit to diesipate heat,
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